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ABSTRACT
We report here on the outburst onset and evolution of the new Soft Gamma
Repeater SGR0501+4516. We monitored the new SGR with XMM–Newton starting
on 2008 August 23, one day after the source became burst-active, and continuing
with 4 more observations in the following month, with the last one on 2008 Septem-
ber 30. Combining the data with the Swift-XRT and Suzaku data we modelled the
outburst decay over a three months period, and we found that the source flux de-
creased exponentially with a timescale of tc = 23.8 days. In the first XMM–Newton
observation a large number of short X-ray bursts were observed, the rate of which
decayed drastically in the following observations. We found large changes in the spec-
tral and timing behavior of the source during the first month of the outburst decay,
with softening emission as the flux decayed, and the non-thermal soft X-ray spectral
component fading faster than the thermal one. Almost simultaneously to our second
and fourth XMM–Newton observations (on 2008 August 29 and September 2), we
observed the source in the hard X-ray range with INTEGRAL , which clearly detected
the source up to ∼100keV in the first pointing, while giving only upper limits during
the second pointing, discovering a variable hard X-ray component fading in less than
10 days after the bursting activation. We performed a phase-coherent X-ray timing
analysis over about 160days starting with the burst activation and found evidence of
a strong second derivative period component (P¨ = -1.6(4)× 10−19 s s−2). Thanks to
the phase-connection, we were able to study the the phase-resolved spectral evolution
of SGR 0501+4516 in great detail. We also report on the ROSAT quiescent source
data, taken back in 1992 when the source exhibits a flux ∼80 times lower than that
measured during the outburst, and a rather soft, thermal spectrum.
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Figure 1. EPIC-pn lightcurve (binned at 0.5 s) of the 2008 August 23rd observation. Times are in seconds from: MJD 54701 01:07:32
(UT).
1 INTRODUCTION
Over the last few years, a number of observational discov-
eries have placed “magnetars” (ultra-magnetized isolated
neutron stars) in the limelight again. These extreme ob-
jects comprise the Anomalous X-ray Pulsars (AXPs; 10 ob-
jects), and the Soft Gamma-ray Repeaters (SGRs; 4 ob-
jects), which are observationally very similar classes in many
respects (for a recent review see Mereghetti et al. 2008).
They are all slow X-ray pulsars with spin periods clus-
tered in a narrow range (P ∼ 2–12 s), relatively large pe-
riod derivatives (P˙ ∼ 10−13 − 10−10s s−1), spin-down ages
of 103−104 yr, and magnetic fields, as inferred from the clas-
sical magnetic dipole spin-down formula, of 1014 − 1015 G,
much higher than the electron quantum critical field (Bcr ≃
4.4 × 1013 G). About a dozen AXPs and SGRs are strong
persistent X-ray emitters, with X-ray luminosities of about
1034 − 1036erg s−1, and a few transient ones have been dis-
covered in recent years. A peculiarity of these neutron stars
is that their X-ray energy output is much larger than their
rotational energy losses, so they can not be only rotationally
powered. Furthermore, they lack a companion, so they can
not be accretion-powered either. Rather, the powering mech-
anism of AXPs and SGRs is believed to reside in the neu-
tron star ultra-strong magnetic field (Duncan & Thompson
1992; Thompson & Duncan 1993). Other scenarios, beside
the “magnetar” model, were proposed to explain AXP and
SGR emission, such as the fossil disk (Chatterjee, Hernquist
& Narayan 2000; Perna, Hernquist, & Narayan 2000) and
the quark-star model (Ouyed, Leahy, & Niebergal 2007a,b).
In the 0.1–10 keV energy band, magnetars spectra are
relatively soft and empirically modeled by an absorbed
blackbody (kT ∼ 0.2–0.6 keV) plus a power-law (Γ ∼ 2–4).
Thanks to INTEGRAL –ISGRI and RXTE–HEXTE, hard
X-ray emission up to ∼200 keV has recently been detected
from some sources (Kuiper et al. 2004, 2006; Mereghetti et
al. 2005; Go¨tz et al. 2006). This discovery has opened a new
window on magnetars studies and has shown that their en-
ergy output may be dominated by hard, rather than soft
emission.
At variance with other isolated neutron stars, AXPs and
SGRs exhibit spectacular episodes of bursting and flaring ac-
tivity, during which their luminosity may change up to 10
orders of magnitude on timescales down to few milliseconds.
Different types of X-ray flux variability have been observed,
ranging from slow and moderate flux changes up to a fac-
tor of a few on timescales of years (shown by virtually all
members of the class), to more intense outbursts with flux
variations up to ∼100 lasting for ∼1-3 years, and to short
and intense X-ray burst activity on sub-second timescales
(see Kaspi 2007 and Mereghetti 2008 for reviews of X-ray
variability).
In particular, SGRs are characterized by periods of ac-
tivity during which they emit numerous short bursts in the
hard X-ray / soft gamma-ray energy range (t ∼ 0.1 − 0.2 s;
L ∼ 1038 − 1041 erg/s). This is indeed the defining property
that led to the discovery of this class of sources. In addi-
tion, they have been observed to emit intermediate flares,
with typical durations of t ∼ 1 − 60 s and luminosities of
L ∼ 1041 − 1043 erg/s, and spectacular Giant Flares. The
latter are rare and unique events in the X-ray sky, by far
the most energetic (∼ 1044 − 1047 erg/s) Galactic events
currently known, second only to Supernova explosions. In-
deed, the idea that SGRs host an ultra-magnetized neu-
tron star was originally proposed to explain the very ex-
treme properties of their bursts and flares: in this model
the frequent short bursts are associated with small cracks
in the neutron star crust, driven by magnetic diffusion, or,
alternatively, with the sudden loss of magnetic equilibrium
through the development of a tearing instability, while the
giant flares would be linked to global rearrangements of the
magnetic field in the neutron stars magnetosphere and inte-
rior (Thompson & Duncan 1995; Lyutikov 2003).
Bursts and flares do not seem to repeat with any
regular, predictable pattern. Giant flares have been so
far observed only three times from the whole sample of
SGRs (from SGR0526–66 in 1979, Mazets et al. 1979;
from SGR1806–20 in 1998, Hurley et al. 1999; and from
SGR1900+14 in 2004, e.g. Hurley et al. 2005, Palmer et al.
2005), and never twice from the same source. As far as short
bursts and intermediate flares are concerned, while some
SGRs (such as SGR1806–20 ) are extremely active sources,
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Parameters 2008-08-23 2008-08-29 2008-08-31 2008-09-02 2008-09-30
Start (UT) 01:07:36 07:10:28 12:09:45 10:00:38 02:18:44
End (UT) 14:35:33 13:58:20 14:59:58 15:41:49 11:22:15
Exposure (ks) 48.9 24.9 10.2 20.5 31.0
Counts/s (pn) 8.520± 0.016 7.08 ± 0.02 6.60± 0.03 6.05± 0.02 3.23 ± 0.01
Pulse Period (s) 5.7620694(1) 5.7620730(1) 5.7620742(1) 5.7620754(1) 5.7620917(1)
Pulsed Fraction (%) 41(1) 35(1) 38(1) 38(1) 43(1)
N. bursts 80 2 0 0 0
Table 1. Top table: Summary of the first 5 XMM–Newton observations of SGR0501+4516 . The exposure time refers to the pn camera.
Count-rates are background-corrected, and refers to the pn in Small Window, except for the last observation which was in Large Window.
Bottom table: Timing properties of SGR 0501+4516 . The pulsed fraction is defined as the background-corrected (max−min)/(max+min)
in the 0.3-12keV energy band. The number of bursts refers to spikes detected at >35 count/s.
in other cases no bursts have been detected for many years
(as in the case of SGR 1627-41, that re-activated in May
2008 after a 10-yr long stretch of quiescence; Esposito et
al. 2008). This suggests that a relatively large number of
members of this class has not been discovered yet, and may
manifest themselves in the future.
On 2008 August 22, a new SGR, namely
SGR0501+4516 , was discovered (the first in ten years),
thanks to the Swift-BAT detection of a series of short
X-ray bursts and intermediate flares (Holland et al. 2008;
Barthelmy et al. 2008). X-ray pulsations were observed by
RXTE at a period of 5.7s, confirming the magnetar nature
of this source (Go¨g˘u¨s¸ et al. 2008), and its counterpart was
identified in the infrared and optical bands (Tanvir et al.
2008; Rea et al. 2008b; Fatkhullin et al. 2008; Rol et al.
2008). Prompt radio observations to search for the on-set
of radio pulsation and of a persistent counterpart failed to
reveal any emission in this band in the first days after the
outburst activation (Hessels et al. 2008; Kulkarni & Frail
2008b; Gelfand et al. 2008).
In this paper, we present a series of 5 XMM–Newton ob-
servations of SGR0501+4516 ; the first one was performed
only 1 day after the SGR activation, and the last one after 38
days. We also report on two INTEGRAL observations; the
first was performed almost simultaneously with the second
XMM–Newton observation, while the other one was per-
formed soon after the fourth XMM–Newton pointing. We
used the Swift-XRT monitoring to model the outburst decay
and the spin period evolution of the source until ∼160 days
after the onset of the bursting activity. We also report on
the 1992 ROSAT observation of its quiescent counterpart.
We present details of the observation and analysis in § 2, and
results in § 3 and 4. Discussion follows in § 5.
2 OBSERVATIONS AND ANALYSIS
2.1 XMM-Newton
The XMM–Newton Observatory (Jansen et al. 2001) ob-
served SGR0501+4516 on August/September 2008 (see
Tab.1) with the EPIC instruments (pn and MOSs; Turner et
al. 2001; Stru¨der et al. 2001), the Reflecting Grating Spec-
trometer (RGS; den Herder et al. 2001), and the Optical
Monitor (OM; Mason et al. 2001).
Figure 2. Co-added image of all the OM observations in the
UVW1 filter. The four bright objects are USNO B1 stars.
Data were processed using SAS version 7.1.0 with the
most up to date calibration files (CCF) available at the time
the reduction was performed (October 2008). Standard data
screening criteria were applied in the extraction of scientific
products. Soft proton flares were not observed in any of the
observations, resulting in the total on-source exposure times
listed in Tab 1.
2.1.1 EPIC and RGS
For four of the observations the pn camera was set in Small
Window mode in order to reduce pile–up, while for the 2008
September 30th observation it was in Large Window mode.
The MOS1 camera was in Full Frame for the first observa-
tion, and in Small Window for all the other pointings. On the
other hand, the MOS2 was in Timing mode, except for the
last observation where it was set in Small Window mode. All
other MOS CCDs were in Prime Full Window mode. Thick
filters were used for all the instruments, and pile-up was
present only in the first MOS1 observation, which we ig-
nored in the rest of the analysis. No transients were present
in any imaging camera, so we are confident that the MOS2
in non-imaging mode did not collect photons from anything
else than our target.
We performed a 2-dimensional or 1-dimensional PSF
fitting, for the data obtained with the EPIC cameras in
imaging mode or timing mode, respectively. The extraction
radius was chosen in such a way as to obtain more than 90%
of the source counts.
c© 2006 RAS, MNRAS 000, 1–??
4 N. Rea, et al.
0 50 100 150
0
1
2
3
4
Fl
ux
 (1
0−
11
 
e
rg
 c
m
−
2 s
−
1 )
Time (d− BAT Trigger)
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
Swift XRT
XMM−Newton
Suzaku
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−ROSAT
−100
−50
0
Ph
as
e 
(ra
d)
   XMM−Newton
   Swift XRT
   Suzaku
−0.5
0
0.5
1
0 50 100 150
R
es
id
ua
ls
 (s
)
Time (d − 54701.0 MJD)
 −−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
Ph
as
e 
(ra
d)
R
es
id
ua
ls
 (s
)
Figure 3. Left hand panel: the outburst decay of the persistent X-ray flux of SGR0501+4516 fitted with an exponential function (see
§5 for details). We refer here as BAT trigger: MJD 54700.0 12:41:59.000 (UT). The fluxes are absorbed and in the 1–10 keV energy range
for XMM–Newton, Swift, and Suzaku (Enoto et al. 2009), while the ROSAT flux is extrapolated to the same band, and refers to two
different spectral models (see §4 for details).Right hand panel: The 0.5–10 keV pulse phase evolution with time, together with the time
residuals with respect to the phase coherent timing solution discussed in the text and includingP/P˙/P¨ components. The solid lines in
the upper panel represent the timing solution with (top line) and without (low line) the cubic term.
We then extracted the source photons, for the cam-
eras set-up in imaging mode, from a circular region with
30′′radius, centered at the source position (RA 05:01:06.607,
Dec +45:16:33.47 at J2000, with a 1σ error of 1.′′5 which
refers to the absolute astrometric XMM–Newton accuracy
(Kirsh et al. 2004))1. The background was obtained from a
similar region as far away as possible from the source lo-
cation in the same CCD. For the MOS2 camera in timing
mode we extracted the photons from RAWX 274-334, and
a similar region was used for the background extraction,
although as far as possible from the source position. Only
photons with PATTERN6 4 were used for the pn, with
PATTERN6 12 for the MOS2 when in imaging mode, and
with PATTERN= 0 were used for MOS2 observations in
timing mode. All the photon arrival times have been cor-
rected to refer to the barycenter of the Solar System.
Thanks to the high timing and spectral resolution2 of
the pn and MOS cameras, and to the high spectroscopic
accuracy of the RGS, we were able to perform timing and
spectral analysis, as well as pulse phase spectroscopy. Both
the MOSs and pn cameras gave consistent timing and spec-
tral results, and we report only on the pn results (see Tab. 1
for the pn source count rates for all five observations), and
the RGS is used only to constrain the presence of narrow
lines (see § 4).
For the timing (§3) and spectral analysis (§4) we re-
moved the bursts observed in the first two observations (Au-
gust 23rd and 29th) discarting all the photons correspond-
ing to intervals where the source count rate exceeded 35
1 Consistent with the more accurate Chandra determination: RA
05:01:06.756, Dec +45:16:33.92 (0.11′′error circle; Woods et al.
2008)
2 see http://xmm.esac.esa.int/ for details.
counts s−1 (a detailed analysis of the bursts themselves will
be reported elsewhere).
2.1.2 Optical Monitor
Twenty five OM images of the field were obtained simul-
taneously to the X-ray observations through the UVW1
lenticular filter. One further image was obtained through
the U filter. The UVW1 has an effective transmission range
of λ =2410–3565 A, peak efficiency at λ2675A, full-width
half-maximum image resolution of 2′′and a Vega-spectrum
zeropoint of m=17.20. The U has an effective transmission
range of λ =3030–3890 A, peak efficiency at λ =3275A,
full-width half-maximum image resolution of 1.55′′ and a
Vega-spectrum zeropoint of m=18.26. Modulo-8 fixed pho-
ton pattern and scattered background light were removed
from individual images before correcting optical distortion
and converting images to J2000 celestial coordinates. The
XMM–Newton star trackers provide absolute pointing accu-
rate to 1.′′8. To refine astrometry, a correction is performed
to individual images by cross-correlating source positions
in the OM with counterparts in the USNO-B1.0 catalogue
(Monet 2003). The UVW1 images were mosaicked to pro-
duce a 70 ks summed exposure. The U band image was accu-
mulated over an exposure time of 4 ks. Aperture photometry
was performed on the source position of SGR0501+4516 us-
ing a standard 17.′′5 radius circular aperture for the UVW1
image and 3′′ for the U image, consistent with the calibrated
zeropoint.
No XMM-OM source is detected within this aperture to
3σ magnitude upper limits of mU > 22.1 and mUVW1 > 23.7
(see Fig. 2). We also searched for possible counterparts to
the X-ray bursts in the XMM-OM exposures in the UVW1
c© 2006 RAS, MNRAS 000, 1–??
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Figure 4. Top panel: Pulse profiles of the 5 XMM–Newton ob-
servations in the 0.3-12 keV energy band. Bottom panel Pulsed
fraction dependence with energy for the same observations. In
both panels the black, red, dark grey, orange and light grey col-
ors refer to the five observations ordered by increasing epoch.
filter during the first XMM–Newton observation. We did not
find any signature for such bursts in the UVW1 filter with
a 3σ upper limit on each 4 ks image of mUVW1 > 22.05 .
2.2 INTEGRAL
INTEGRAL (Winkler et al. 2003) observed SGR0501+4516
twice, soon after its discovery: the first observation (orbit
717), soon after its discovery, started on 2008 August 27 at
00:31 (UT) as a ToO observation (ending on August 28th
08:36 UT), and the second observation in the framework of
the Core Programme observations of the Perseus Arm region
starting on 2008 September 5 at 05:48, and ending at 07:40
(UT) on September 10th (orbits 720 and 721). We analyzed
the IBIS/ISGRI data of both observations. IBIS (Ubertini
et al. 2003) is a coded mask telescope with a wide (29◦×29◦)
field of view, sensitive in the 15 keV–10 MeV energy range.
We restricted our analysis to the ISGRI (Lebrun et al. 2003)
data, taken by the IBIS low energy (15 keV–1MeV) CdTe
detector layer, since ISGRI the most sensitive instrument on
board INTEGRAL at energies < 300 keV.
For the first observation an effective exposure of 204 ks
was accumulated at the source position. During this ob-
servation, the source was still burst-active and indeed at
least 4 weak bursts were detected in the ISGRI data (Hur-
ley et al. 2008). In the 18–60 keV image the source is de-
tected at a ∼4.2σ confidence level, corresponding to a count
rate of 0.31±0.08 counts s−1, while in the 60–100 keV band
the source was detected at a ∼3.5 sigma level (0.25±0.07
counts s−1). Above 100 keV the source is not detected and
the 3σ upper limit is 0.2 counts s−1 (100–200 keV). The IS-
GRI response matrices were rebinned to match the above
two channels and the detected flux values were used in the
broad band spectral analysis (see below §4).
We performed the same analysis on the Core Pro-
gramme data. In this case the exposure time was 361 ks at
the position of the source. No persistent or burst emission
was detected in this second observation. We could infer a 3σ
upper limit in the 18–60 keV energy band of 0.18 counts s−1,
implying a decrease of the hard X-ray flux in about 10 days
of a factor of ∼2.
2.3 Swift–XRT
The Swift satellite (Gehrels et al. 2004) includes a wide-field
instrument, the Burst Alert Telescope (BAT; Barthelmy
et al. 2005), and two narrow-field instruments, the X-Ray
Telescope (XRT; Burrows et al. 2005) and the Ultravio-
let/Optical Telescope (UVOT; Roming et al. 2005), and dis-
covered the bursting activity of SGR0501+4516 thanks to
the large field of view of the BAT camera (Holland et al.
2008; Barthelmy et al. 2008). We briefly report here on the
Swift-XRT monitoring of SGR0501+4516 , and we refer to
Palmer et al. and Go¨g˘u¨s¸ et al. (2009, in preparation) for
further details on the Swift observations.
Starting a few hours after the burst activation, the
Swift-XRT camera monitored SGR0501+4516 , collecting a
few tens of observations in the following 160 days. The XRT
instrument was operated in photon counting (PC) mode for
the first two observations, and in window timing (WT) mode
for all the following observations, which ensures enough tim-
ing resolution (1.766ms) to monitor the period changes of
the source. In our analysis we ignored the first two observa-
tions in PC mode because the were highly affected by photon
pile-up.
The data were processed with standard procedures us-
ing the ftools task xrtpipeline (version 0.12.0) and events
with grades 0–2 were selected for the WT data. For the
timing and spectral analysis, we extracted events in a re-
gion of 40×40 pixels. To estimate the background, we ex-
tracted the WT events within a similar box far from the
target. The event files were used to study the timing prop-
erties of the pulsar after correcting the photon arrival times
to the barycenter of the Solar System. For the spectral fit-
ting (aimed at having a reliable flux measurement over the
entire outburst) the data were grouped so as to have at
least 20 counts per energy bin. The ancillary response files
were generated with xrtmkarf, and they account for dif-
ferent extraction regions, vignetting and point-spread func-
tion corrections. We used the latest available spectral redis-
tribution matrix (v011) in caldb. We removed the bursts
from the XRT observations taking out all the photons corre-
sponding to intervals where the source count rate exceeded
5 counts s−1.
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Figure 5. Pulse profiles (phase vs counts/s) as a function of energy for all five XMM–Newton observations of SGR0501+4516 . Each
column displays one XMM–Newton observation with epoch increasing from left to right.
2.4 ROSAT
The Ro¨ntgensatellit (ROSAT; Voges 1992; Snowden &
Schmitt 1990) Position Sensitive Proportional Counter
(PSPC) serendipitously observed the region of the sky
including the position of SGR0501+4516 between 1992
September 21 and 24, for an effective exposure time of
4.2 ks. An off-axis point source, 2RXPJ050107.7+451637,
was clearly detected in the observation, the position of
which is consistent, within uncertainties, with that of
SGR0501+4516 as inferred by Chandra (Woods et al. 2008).
The ROSAT event list and spectrum of
2RXPJ050107.7+451637 included about 260 background-
subtracted photons accumulated from a circle of about 1.′7
radius (corresponding to an encircled energy of ∼90%).
The source count rate is estimated to be (6.6± 0.5) × 10−2
counts s−1 after correction for the point-spread function
and vignetting.
3 X-RAY TIMING ANALYSIS
We started the timing analysis by performing a power spec-
trum of the first XMM–Newton observation (after having
cleaned the data for the bursts; see above), and we found a
strong coherent signal at ∼5.76 s, followed by 8 significant
harmonics. We then refined our period measurement study-
ing the phase evolution within the observation by means of
a phase-fitting technique (see Dall’Osso et al. 2003 for de-
tails). The resulting best-fit period is P= 5.762070(3) s (1σ
confidence level; epoch 54701.0 MJD). The accuracy of 3µs
is enough to phase-connect coherently the first two XMM–
Newton pointings which are about 6 days apart. The pro-
cedure was repeated by adding, each time, a single XMM–
Newton pointing. The relative phases were such that the sig-
nal phase evolution could be followed unambiguously in the
5 XMM–Newton observations, and the preliminary phase-
coherent solution for these observations had a best-fit period
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Figure 6. 3D pulse profiles for the five XMM–Newton observations of SGR0501+4516 (the epoch increases from top row to bottom
row). Left column: pulse profiles of the BB component as a function of the energy. Right column: pulse profiles of the PL component as
a function of the energy.
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Parameters Blackbody + Power-law
2008-08-23 2008-08-29 2008-08-31 2008-09-02 2008-09-30
kT (keV) 0.70± 0.01 0.69± 0.01 0.70± 0.01 0.69± 0.01 0.66 ± 0.01
BB Radius (km) 1.41± 0.05 1.49± 0.05 1.42± 0.06 1.39± 0.04 1.04 ± 0.06
BB flux 2.1± 0.1 2.3± 0.1 2.15± 0.13 1.93± 0.07 0.86 ± 0.11
Γ 2.75± 0.02 2.92± 0.04 2.90± 0.06 2.96± 0.08 3.01 ± 0.04
PL flux 7.7± 0.1 5.8± 0.1 5.3± 0.2 4.9± 0.2 3.3± 0.1
Abs. Flux 4.1± 0.1 3.4± 0.2 3.14± 0.23 2.8± 0.1 1.4± 0.1
Unab. Flux 9.6± 0.1 8.1± 0.2 7.5± 0.3 7.0± 0.3 4.17 ± 0.11
Table 2. Parameters for the spectral modelling of the phase-averaged spectrum of SGR0501+4516 with an absorbed blackbody plus
a power–law (χ2ν (d.o.f.) = 1.14 (838)), for all five XMM–Newton observations. The NH value is (0.89 ± 0.01) × 10
22 cm−2 with solar
abundances from Anders & Grevesse (1989). The blackbody radius is calculated at infinity, and assuming a distance of 5 kpc (note that
in the error calculation we did not consider the uncertainty in the distance). Unless otherwise specified, all fluxes are unabsorbed, in the
0.5-10 keV range, and in units of 10−11 erg cm−2 s−1. Errors are at the 90% confidence level.
of P= 5.7620692(2) s and P˙ = 6.8(8) × 10−12 s s−1 (MJD
54701.0 was used as reference epoch; χ2 ∼ 4 for 3 degrees of
freedom, hereafter d.o.f.).
To better sample the pulsations in the time intervals
not covered by XMM–Newton data, and increase the accu-
racy of our timing solution, we also included the Suzaku-XIS
observation (Enoto et al. 2009) and part of the Swift-XRT
monitoring dataset. A quadratic term in the phase evolu-
tion is required starting about one month after the Swift-
BAT onset, when the pulse phases increasingly deviate from
the extrapolation of the above P−P˙ solution (see Fig. 3),
resulting in an unacceptable fit (χ2 ∼ 110 for 16 d.o.f.).
Therefore, we added a higher order component to the above
solution to account for the possible presence of a tempo-
rary or secular P¨ term. The resulting new phase-coherent
solution had a best-fit for P = 5.7620695(1) s, P˙ = 6.7(1)
× 10−12 s s−1, and P¨ = -1.6(4) ×10−19 s s−2 (MJD 54701.0
was used as reference epoch; 1σ c.l.; χ2 = 58 for 45 d.o.f.),
or ν = 0.173548754(4) Hz, ν˙ = -2.01(3) × 10−13 Hz s−1, and
ν¨ = 5(1)× 10−21 Hz s−2. The time residuals with respect to
the new timing solution are reported in Fig. 3 (central panel;
empty squares). The significance of the inclusion of the cu-
bic term is 5.3σ. Moreover, the new timing solution implies
a root mean square variability of only 0.04 s. We note that
the new timing solution is in agreement with that reported
by Israel et al. (2008a).
The negative sign of P¨ implies that the spin-down is de-
creasing on a characteristic timescale of about half a year.
This might imply that a transient increase of the spin-down
above the secular trend occurred in connection with the out-
burst onset, and that the source might now be recovering to-
ward its secular spin-down. We note that timing components
of similar strengths and with similar evolution timescales
were detected in other AXPs and SGRs following the occur-
rence of glitches (Dall’Osso et al. 2003; Dib et al. 2008). This
finding suggests that a similar event might have occurred
connected to the burst and/or outburst behavior displayed
by SGR0501+4516 in August 2008. Correspondingly, as-
suming that the secular spin-down was an order of magni-
tude smaller than the one we measured during the outburst,
our findings imply a magnetic field strength of the dipolar
component in the range 7 × 1013 < Bd < 2 × 10
14 Gauss
(assuming a neutron star moment of inertia of 1045g cm2).
The 0.3-11 keV SGR0501+4516 pulse profiles are rel-
atively complex, with several sub-peaks, though dominated
by the sinusoidal fundamental component (see Fig. 4 and
top panels of Fig. 9). The fundamental pulsed fraction calcu-
lated as (max−min)/(max+min) is fairly constant in time
(although with some oscillations) changing from 41%±1%
during the first XMM–Newton pointing, to 35%±1% (2nd
pointing), to 38%±1% (3rd and 4th pointings), and finally
to 43%±1% (last pointing; see also Tab. 1). At the same time
both the shape and the pulsed fraction change as a function
of energy within each pointing (see Fig. 5 and Fig. 6).
The ROSAT photon arrival times were corrected to the
barycenter of the Solar System and a search for coherent pe-
riodicities was performed in a narrow range of trial periods
(6.1–5.5 s; we assumed a conservative value of |P˙ |=6×10−10
s s−1) centered around the 2008 August period. No signifi-
cant peaks were found above the 3σ detection threshold. The
corresponding upper limit to the pulsed fraction is about
50%.
4 SPECTRAL ANALYSIS
For the spectral analysis we used source and background
photons extracted as described in §2. The response matrices
were built using ad-hoc bad-pixel files built for each obser-
vation. We use the XSPEC package (version 11.3, and as a fur-
ther check also the 12.1) for all fittings, and used the phabs
absorption model with the Anders & Grevesse (1989) solar
abundances and Balucinska-Church & McCammon (1998)
photoelectric cross-sections. We restricted our spectral mod-
eling to the EPIC-pn camera and used only the best cali-
brated energy range3, namely 0.5–10 keV.
3 Note that in all our fittings there is a weak spurious absorption
feature at ∼ 2.2 keV, which is of instrumental nature, and due to
the Au edge.
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Figure 7. Phase-averaged spectra and νFν plot of the fitted mod-
els for the five XMM–Newton observations (again the black, red,
dark grey, orange and light grey colors refer to the five obser-
vations ordered by increasing epoch) and the quiescent ROSAT
counterpart (in blue).
4.1 Phase-averaged spectroscopy
We started the spectral analysis by fitting simultaneously
the spectra of all the XMM–Newton observations with the
standard blackbody (BB) plus power-law (PL) model, leav-
ing all parameters free to vary except for the NH which was
constrained to be the same in all observations. The values
for the simultaneous modeling are reported in Tab. 2, with a
final reduced χ2ν=1.14 for 838 d.o.f. (see also Fig. 7). The val-
ues of the spectral parameters were not significantly different
when modelling each observation separately. The measured
hydrogen column density is NH = 0.89 × 10
22cm−2 , and
the absorbed flux in the 0.5–10 keV band varied from 4.1
to 1.4×10−11erg s−1cm−2 , corresponding to a luminosity
range of 1.2 to 0.42×1035 d25 erg s
−1 (where d5 is the source
distance in units of 5 kpc; see § 5.1 for further discussion on
the source distance).
In the 0.5–10 keV band, the blackbody component ac-
counts for ∼ 15% of the total absorbed flux throughout the
outburst. The blackbody radius, as derived from its normal-
ization, is smaller than the neutron star size, being compati-
ble with a constant of ∼ 1.4 km during the first month of the
outburst decay (although hints for a decrease can be seen in
the last observation). If the blackbody emission originates
from the star surface this would imply that only a small
fraction of the surface is emitting.
There is evidence that as the flux decreased, the 0.5-
10 keV spectrum softened during the first month after the
bursting activation (see Tab. 2 and Fig. 7). Interestingly, the
BB flux decreased much slower than the PL flux, remain-
ing almost constant for the first 10 days, and significantly
decreasing only in the last observation more than a month
after the burst activation (see also § 5, Fig. 6 and Fig. 7).
Since the INTEGRAL observation of SGR0501+4516
was almost simultaneous to our second XMM–Newton ob-
servation, we then extended our spectral modelling to the
entire 0.5–100 keV spectrum of the 2008 August 29 observa-
tion. We found that the BB+PL model was no longer statis-
tically acceptable (χ2ν=1.29 for 174 d.o.f.), and that the PL
used to model the soft X-ray spectrum could not account for
the emission above 10 keV (as it is usually the case for SGRs;
Go¨tz et al. 2006). We then tried more complex models. In
line with other magnetar spectra (Kuiper et al. 2006; Go¨tz
et al. 2006), we added a second PL to the data to account for
the hard X-ray emission.The results are reported in Tab. 3
(see also Fig. 8), where we also report the F-test probabil-
ity for the addition of a further component to the fit. We
also note that an excess in the residuals at energies larger
than 8 keV was present in the first XMM–Newton observa-
tion when fit with a BB+PL model (see Fig. 7), probably
due to the presence of the same hard X-ray component de-
tected by INTEGRAL , which might have been present from
the beginning of the outburst. The subsequent INTEGRAL
observation close to the fourth XMM–Newton observation
almost a week later, did not show any hard X-ray emission.
Assuming (although unlikely) that the hard X-ray spectral
index did not change during the flux decay, we can translate
our non-detection in a 3σ flux upper limit in the 18–60 keV
band of < 9.7× 10−12erg s−1.
To take into account the presence of this hard X-ray
component we also fit the first XMM–Newton observation
with a BB plus two PLs, fixing the power-law index of the
hard PL at the value inferred from the XMM–Newton plus
INTEGRAL modelling of the second observation (namely
Γ = 0.8; see the first and second columns of Tab. 3). The
addition of this component was barely significant, less than
in the 2008 August 29, although in the latter case the IN-
TEGRAL data were crucial in the spectral modeling. We
similarly tried to model the third XMM–Newton observa-
tion adding this PL component but in this case the addition
of this further component was not significant. As in the case
of the soft X-ray component, we found that the hard X-ray
flux decreased significantly during the outburst decay, being
undetectable by INTEGRAL only 10 days after the burst
activation.
Simultaneously with the second INTEGRAL obser-
vation, an AGILE observation was reported in the en-
ergy range >100 MeV, starting on August 31st and end-
ing on September 10th (Feroci et al. 2008). During the
AGILE observation the source was marginally burst-active.
The AGILE-GRID gamma-ray experiment did not de-
tected the source, with a reported 2σ upper limit of
13×10−8 photon cm−2 s−1. Assuming an average photon
energy of 500MeV, this value corresponds to ∼6×10−2
keV (keV cm−2 s−1 keV−1), well below the extrapolation
at this energy of the INTEGRAL power-law detected dur-
ing the August 29th observation (prior to the AGILE ob-
servation), that would predict a flux at 500 MeV of ∼103
keV (keV cm−2 s−1 keV−1). This indicates that as in the
AXP cases (Kuiper et al. 2006), also in this SGR the pres-
ence of a spectral cut-off at energies between 100 keV and
100MeV should be present spectrum during outburst.
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Figure 8. Phase-averaged spectra of the second XMM–Newton
observation and the quasi-simultaneous INTEGRAL one, mod-
elled with a blackbody plus two power-laws (see also Tab. 3).
We then studied the pre-outburst quiescent spectrum
of SGR0501+4516 as observed by ROSAT. The quies-
cent spectrum was well fit by either a BB or PL single-
component model (see Fig. 7). The best-fit parameters are
NH=6
+5
−3× 10
21 cm−2 and kT=0.38+0.36
−0.15 keV for the BB,
and NH=8
+11
−4 × 10
21 cm−2 and Γ >0.6 for the PL (reduced
χ2=1.08 and χ2=1.13 for 17 d.o.f., respectively). The 0.1–2.4
keV observed flux is FX ∼1.4×10
−12 erg cm−2 s−1, corre-
sponding to an extrapolated 1–10 keV fluxes of 1.3 and 4.2
×10−12 erg cm−2 s−1 for the BB and PL models, respec-
tively. In analogy with the quiescent spectra of other mag-
netars, and given the slightly better reduced χ2 we assume
that the BB spectral modeling is more correct.
No spectral features were detected in the phase-
averaged XMM–Newton spectra, with 3σ upper limits to
the equivalent width of 45 and 65 eV, for a Gaussian ab-
sorption line with σline=5 eV (using the RGS spectra) and
σline=100 eV (using the pn spectra), respectively.
4.2 Phase-resolved spectroscopy
We performed a phase-resolved spectroscopy (PRS) for all
the XMM–Newton observations. We generated 10 phase-
resolved spectra for each observation using the ephemeris
reported in § 3. The choice of the number of intervals was
made a priori in order to have enough statistics in each
phase–resolved spectrum to detect, at a 3σ confidence level,
a spectral line with an equivalent width > 30 eV (although
none was detected). Note that given the phase-connection
Parameters Blackbody + 2 Power-laws
2008-08-23 2008-08-29
NH 0.91± 0.02 0.93 ± 0.03
kT (keV) 0.70± 0.02 0.69 ± 0.04
BB1 Radius (km) 1.4± 0.1 1.5± 0.3
BB1 flux 2.2± 0.1 2.7± 0.1
Γsoft 2.92± 0.07 3.2± 0.1
PLsoft flux 8.3± 0.1 7.1± 0.2
Γhard 0.8 frozen 0.8± 0.2
PLhard flux 3.5± 0.1 3.9± 0.2
Abs. flux 7.9± 0.1 6.8± 0.3
Unab. flux 14.3 ± 0.1 12.6± 0.3
χ2ν (d.o.f.) 1.17 (204) 1.18 (175)
F-test prob. 3.1× 10−5 4.1× 10−8
Table 3. Parameters of the spectral modelling of the phase-
averaged spectra of the first two XMM–Newton observations of
SGR0501+4516 with a blackbody plus two power-laws. For the
second observation we used the quasi-simultaneous INTEGRAL
data (see also Fig. 8 and §2.2). NH is in units of 10
22 cm−2,
and the blackbody radius is calculated at infinity, assuming a
distance of 5 kpc (uncertainties on the distance have not been in-
cluded). The blackbody and power-law fluxes are calculated in
the 0.5–100 keV band. Unless otherwise specified, fluxes are all
unabsorbed and in units of 10−11 erg cm−2 s−1. Errors are at the
90% confidence level.
of all the 5 XMM–Newton observations (see §3), we can re-
liably follow each phase-resolved spectrum in time.
The absorbed BB plus PL model provides excellent fits
for all ten phase-resolved spectra in all the observations,
both when leaving NH free and when fixing it to the most
accurate value derived in the phase-averaged fitting of all
five XMM–Newton observations (see Tab. 2). In Fig. 9 we
have plotted the parameters derived from the PRS analysis
and compared them to the pulse profile in each observation.
All the observations showed significant spectral variability
with phase, as well as a general softening in time. In par-
ticular, the blackbody temperature and normalization follow
the pulse profile shape rather well, and remaining on average
rather constant throughout the outburst, with a slightly de-
crease in the last XMM–Newton observation. On the other
hand, the power-law parameters vary in phase and follow
a more complex behaviour, with a double-peaked change of
the photon index (see also Fig. 6, and §5 for further discus-
sion).
5 DISCUSSION
In the last few years, thanks to the availability of wide
field X-ray instruments, as Swift-BAT, several outbursts
from known AXP and SGR have been observed, and mon-
itored in great detail. The detection of an outburst from
SGR0501+4516 has a special significance since this is the
first new SGR discovered over a decade. In this paper we
presented a comprehensive study of the spectral and tim-
ing properties of the source in the X-rays during the entire
c© 2006 RAS, MNRAS 000, 1–??
The first outburst of the new SGR0501+4516 11
2
4
6
Fl
ux
2.5
3
3.5
Γ
0.01
0.02
0.03
PL
 n
or
m
0.5
0.6
0.7
0.8
kT
 (k
eV
)
0 0.5 1 1.5 2
5
10
15
B
B
 n
or
m
Phase
0 0.5 1 1.5 2
Phase
0 0.5 1 1.5 2
Phase
0 0.5 1 1.5 2
Phase
0 0.5 1 1.5 2
Phase
Figure 9. Phase-resolved spectroscopy: spectral parameters for each 0.1 phase-bin for all five observations (epoch increases from left to
right). For each observation all phase-resolved spectra were fitted simultaneously with an absorbed blackbody plus a power-law, keeping
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22cm−2 ). Fluxes are absorbed, in the 0.5–10keV
energy range and in units of 10−11erg s−1cm−2 .Error bars are at the 90% confidence level.
evolution of the outburst, starting from ∼ 1 day after the
activation and up to ∼ 160 days later. Our investigation is
based on XMM–Newton, Swift-XRT, and INTEGRAL data
and we also re-examined ROSAT archival data in which the
quiescent emission of SGR0501+4516 was detected.
5.1 The outburst evolution and timescale
Thanks to the XMM–Newton and Swift-XRT quasi-
continuous monitoring (see §2.1 and §2.3), we could study
in detail the flux decay of SGR0501+4516 and give an es-
timate of its typical timescale. Fitting the flux evolution
in the first 160 days after the onset of the bursting ac-
tivity, we found that an exponential function of the form
Flux(t) = K1 + K2 exp−(t/tc) provides a good represen-
tation of the data (χ2ν=1.2); the best values of the param-
eters are K1 = (0.66 ± 0.03) × 10
−11erg s−1cm−2 , K2 =
(3.52±0.02)×10−11erg s−1cm−2 , and tc = 23.81±0.05 days
(see Fig. 3). A fit with a power-law was not found to be satis-
factory (χ2ν=12). Comparing the outburst decay timescale of
SGR0501+4516 with other magnetars (see Fig. 11), there
is a clear difference in timescales. In particular, the out-
burst decays of other magnetars are usually fitted by two
components: an initial exponential or power-law component
accounting for the very fast decrease in the first day or so
(successfully observed only in a very few cases), followed by
a much flatter power-law with an index of δ ∼ 0.2 − 0.5,
where Flux(t) = (t − t0)
δ (see Woods et al. 2004; Israel et
al. 2007; Esposito et al. 2008). A pure exponential flux decay
with a timescale of about 24 days is unusual and has been
never observed before. However, we caveat that the source
did not reach the quiescent level yet, hence a second com-
ponent (e.g. a power-law) in the flux decay can still appear
at later times. Further monitoring observations will allow in
the future a complete modeling of the outburst decay until
the quiescent source level.
From Tab. 2 and Fig. 6 it is apparent that, at least in
the first ten days of the outburst, the flux of the blackbody
component decayed more slowly than that of the power-law
one, both in the phase-average and the phase-resolved spec-
tra. In particular, fitting the phase-average BB and PL fluxes
of the first 4 XMM–Newton observations (see Tab. 2) with
a linear function of the form Flux(t)=A1 + A2t we found
a good fit for A1(PL) = 7.9(1) × 10
−11erg s−1cm−2 and
A1(BB) = 2.2(1) × 10
−11erg s−1cm−2, and with A2(PL) =
−0.29(1) × 10−11erg s−2cm−2 and A2(BB) = −0.018(3) ×
10−11erg s−2cm−2. While the PL flux decreased by ∼ 25%
from the first to the second observation (and kept decreas-
ing at a reduced rate in observations three and four), the
BB flux stayed approximately constant during the first four
observations. Both fluxes then substantially decreased in ob-
servation five (see also §4.2 and next section for the evolu-
tion of the phase-resolved spectra). The relative decays of
the thermal and non-thermal components observed here are
reminiscent of those of CXOJ167410.2-455216 after its in-
tense burst of 2006 September 21 (Muno et al. 2007; Israel
et al. 2007). Even in that case, the PL component decayed
more rapidly than the BB flux (Israel et al. 2007). The faster
decay of the non-thermal emission from SGR0501+4516 is
also corroborated by the non-detection of the source in the
second INTEGRAL pointing (see §4).
The transient character of the hard component we
detected at the beginning of SGR0501+4516 ’s out-
burst implies that, whatever the mechanism is, thermal
bremsstrahlung in the surface layers heated by returning
currents, synchrotron emission from pairs created higher
up (∼ 100 km) in the magnetosphere (Thompson & Be-
loborodov 2005), or resonant up-scattering of seed photons
on a population of highly relativistic electrons (Baring &
Harding 2007), it has to be triggered by the source activity
and quickly fade in a few days. All the previous scenarios
are indeed compatible with the observed behaviour provided
that a flow of highly relativistic particles is injected into the
magnetosphere during the outburst. Note that this is the
first time that a variable hard X-ray emission is detected for
a magnetar during an outburst. Of course, our observations
did not allow us to distinguish between a rapid spectral soft-
ening (as expected if the particles responsible for the emis-
sion becomes less and less energetic) and/or an overall fading
of the hard component due to a decrease in its normalization
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Figure 10. Dynamic Spectral Profiles (DSPs). Each column corresponds to one XMM–Newton observation (epoch increases from left
to right: 2008 August 23, 29, 31, September 02 and 30). For each observation, the top panel is the 0.3-12 keV pulse profile, while the
three bottom panels show in the phase/energy plane the contour plots for the total (second row), power-law (third row) and blackbody
(bottom row) νFν flux. The colour scale is in units of 0.01 keV(keV cm−2 s−1 keV−1).
(as expected if the spatial region occupied/heated by such
particles shrinks or if their local density decreases).
Several investigations have suggested that the observed
magnetar spectra form in the magnetosphere, where ther-
mal photons emitted from the neutron star’s surface un-
dergo repeated resonant scatterings (Thompson, Lyutikov
& Kulkani 2002; Lyutikov & Gavriil 2006; Fernandez &
Thompson 2007; Rea et al. 2008; Nobili, Turolla & Zane
2008a). In this scenario, the spectral shape of the non-
thermal component in the ∼ 0.1–10 keV band (and possi-
bly also that at INTEGRAL energies; see Baring & Harding
2007, 2008; Nobili, Turolla & Zane 2008b) is governed by the
amount of twist which is implanted in the magnetosphere as
a consequence of large scale crustal motions (star-quakes).
The twist must decay, due to resistive ohmnic dissipation, in
order to support its own currents (Beloborodov & Thomp-
son 2007; Beloborodov 2009) and this, in turn, implies that
the high-energy component of the spectrum has to fade. If
either the initial twist is global or, as it seems more likely,
it affects only a bundle of (closed) field lines (e.g. near a
magnetic pole), the magnetosphere evolves in such a way
as to confine the current-carrying (∇ × B 6= 0) field lines
closer to the magnetic axis (Beloborodov 2009). This nec-
essarily quenches resonant up-scattering because the value
of the cyclotron energy in most of the region occupied by
the current-carrying field lines (which now extend to large
radii) drops below ≈ 1 keV, the typical energy of thermal
photons.
Thompson, Lyutikov & Kulkani (2002) and Be-
loborodov & Thompson (2007) pointed out that the surface
of a magnetar with a twisted magnetosphere is heated by
the returning currents. If the twist decays, the luminosity
and the area of the heated surface decrease in time. How-
ever, while the thermal component is expected to survive
over the timescale necessary to dissipate the twist energy,
the non-thermal component is more short-lived, since res-
onant scattering is no longer possible when the current-
carrying bundle becomes too small. By comparing the the-
oretical expectations for a typical twist duration and lumi-
nosity, Beloborodov (2009) found an overall agreement with
the observed properties of the transient AXP XTEJ1810–
197 , provided that the twist was localized. In the case of
SGR0501+4516 , the typical derived evolution time (∼ 1
month) requires both a twist confined to a small volume
(angular extent sin2 θ ∼ 0.1) and a modest twist angle
(ψ ∼ 0.1). The distance of SGR0501+4516 is not known
yet, but it has recently been estimated to be ∼ 1.5 kpc at
the lowest (Aptekar et al. 2009), which implies a minimum
source peak luminosity L & 2.5 × 1034 erg s−1. under this
case the values of the magnetospheric parameters derived
above from the timescale of the outburst evolution are too
small to explain the observed luminosity in terms of dissi-
pation of the twist energy alone (Ltwist ∼ 10
33 erg s−1), and
the problem worsens if the source distance is larger (un-
less the emission has a beaming factor . 0.1). One possibil-
ity is that part of the energy has been released impulsively
in the crust because of the dissipation of the toroidal field
following the star-quake, as suggested to explain the decay
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of SGR1900+14 and SGR1627–41 (Lyubarsky, Eichler &
Thompson 2003; Kouveliotou et al. 2003). However, this sce-
nario predicts a power-law luminosity decline, L ∼ (t− t0)
δ,
which is not observed in SGR0501+4516 . We note that the
flux decay may follow different laws in the untwisting mag-
netosphere model of Beloborodov (2009), and the observed
different decay timescales of the thermal and non-thermal
components fits in the latter scenario.
5.2 Spectral variability with phase
To study the pulse profiles and the spectral changes in phase
and time as a whole, we produced what we define hereafter
as Dynamic Spectral Profiles (DSPs), which are shown in
Fig. 10. Each column in Fig. 10 is for one of the 5 XMM–
Newton observations (epoch increases from left to right).
Each panel shows a contour plot of the νFν flux as a function
of phase and energy, and has been derived from the 10 phase-
resolved spectra extracted as explained above. The second
row refers to the total flux, as derived from the BB+PL
model, while the third and the last rows show, respectively,
the flux of the PL and BB components. The plots illustrate
well how the source spectrum changes as phase and time,
and show a clear evolution of the phase-dependent spec-
trum during the outburst. At energies above ∼5 keV the PL
dominates the emission at all times. From the DSPs, and
by comparing the DSPs with the pulse profiles (see Fig. 10
top panel and also Fig. 5), it is also evident that most of the
sub-peaks of the pulse profiles are related to the PL com-
ponent (this is particularly evident in the third and fourth
XMM–Newton observations). On the other hand, the main
component of the profiles is dominated by the BB compo-
nent, which is always in phase with the main peak. Moreover,
by looking at Fig. 10 it is again evident how the PL com-
ponent decreases in intensity on a faster timescale than the
BB component in all phases. Actually the BB component
is not only rather constant over the first four observations
(covering the first 10 days after the bursting activation), but
in some phases shows a re-brightening (see Fig. 6, and the
third panel in the last row of Fig. 10). This is likely due to
some late heating of the surface, e.g. by returning currents.
The strong phase dependence of the non-thermal com-
ponent may be explained by the fact that, in the twisted
magnetosphere model, both the spatial distributions of
the magnetospheric currents (which act as a “scattering
medium”) and the surface emission induced by the returning
currents (which acts as source of seed photons for the res-
onant scattering) are substantially anisotropic. Even under
the simple assumption where the magnetosphere is dipolar
and globally twisted, the heated part of the surface and the
magnetospheric charges cover two different ranges of mag-
netic colatitude. If the twist angle varies during the outburst
evolution, both distributions would move away or toward
the poles but at different rates. Of course, the situation is
more complicated if the magnetospheric twist affects a lim-
ited bundle of field lines, as observations seem to indicate
in SGR1806–20 (Woods et al. 2007) and in the transient
AXP XTEJ1810–197 (Perna & Gotthelf 2008; Bernardini
et al. 2009). Recent spectral calculations have shown the
resonant comptonization in locally twisted multipolar fields
can give rise to a hard tail which is highly phase dependent
(Pavan et al. 2009). The phase-resolved spectral evolution
of SGR0501+4516 is very complicated, but a possible ex-
planation for the variations of the PL component in terms
of a magnetic field which is locally sheared, and the shear
evolves in time, seems promising.
5.3 SGR0501+4516 : AXP or SGR?
For about 20 years after their discovery, SGRs and AXPs
were thought to be two distinct manifestations of highly
magnetic neutron stars: the first mainly discovered and char-
acterized by their powerful bursting activity, and the second
recognized as bright persistent soft X-ray emitters with spec-
tra empirically modelled by a BB+PL, and with little or no
bursting activity. Furthermore, the discovery of hard X-ray
emission (up to about 200 keV; Kuiper et al. 2006; Go¨tz et al.
2006) from a few members of both classes, added a further
distinction, with AXPs having hard X-ray emission mod-
elled by a second PL component (in addition to the BB+PL
describing the soft X-ray emission) with Γhard ∼ 0.8 − 1,
while the SGR emission was the natural extrapolation at
higher energies of the PL component modelling their soft
X-ray emission (Γhard ∼ 1.5 − 2.0). Over the past 6 years,
the discovery of X-ray bursts from AXPs (Kaspi et al. 2003;
Woods et al. 2004), and of BB components in the persistent
spectrum of SGRs (Mereghetti et al. 2005, 2006a), initiated
a revision of this distinction between these two classes.
In this context SGR0501+4516 and 1E 1547.0-5408
can be considered the Rosetta stone for a final unifica-
tion of SGRs, AXPs and the so called “transient AXPs
(TAXPs)”, into a single class of “magnetars candidates”. In
fact the properties of this new SGR, as well as the char-
acteristics of the 2009 January 22 outburst of the AXP
1E1547.0-5408 (Gelfand & Gaensler 2007; Halpern et al.
2008; Mereghetti et al. 2009; Israel et al. 2009 in prep),
argue for a revision of our definition of SGRs and AXPs.
In particular, SGR0501+4516 ’s 0.5-10 keV spectrum dur-
ing outburst, is extremely soft (Γ ∼2.8-3.0) compared to
other SGRs (Γ ∼1.5-2.0). Such a soft spectrum has been
observed in the persistent emission of SGRs only during
the ”quiescent” (burst-quiet) phases of SGR1627–41 and
SGR0526–66 (Kouvelioutou et al. 2003; Kulkarni et al.
2003; Mereghetti et al. 2006b). Furthermore, the spectrum
of the quiescent X-ray counterpart of SGR0501+4516 (see
§2.4 and §4) is far too soft for an SGR, while resemble the
pre-outburst spectrum of the transient AXP XTEJ1810–
197 (Gotthelf et al. 2004).
The name SGR0501+4516 came from the strong burst-
ing activity (see e.g. Enoto et al. 2009; Aptekar et al. 2009)
which led to its discovery. However, bursts as bright and nu-
merous as those observed from this source and other SGRs,
have recently been observed from the AXP 1E 1547.0-5408
in January 2009 (Gronwall et al. 2009; Savchenko et al. 2009;
von Kienlin & Connaughton 2009), which emitted bursts as
powerful as a typical SGR intermediate flares (Mereghetti
et al. 2009).
Another piece of evidence for the AXP-like behaviour of
SGR0501+4516 , and the SGR-like behaviour of 1E 1547.0-
5408 is the photon index of the variable hard X-ray compo-
nent. As shown in § 4 the photon index we measure from the
INTEGRAL spectrum is Γ ∼ 0.8, which is close to the one
reported for AXPs, while the variable hard X-ray emission
during the January 2009 outburst of 1E 1547.0-5408 has a
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photon index of Γ ∼ 1.4 − 1.6 (den Hartog et al. 2009),
typical of SGRs.
6 SUMMARY
Thanks to the unprecedented prompt observational cam-
paigns of XMM–Newton, INTEGRAL , and Swift, we were
able to study in great detail the evolution of the first
recorded outburst from the first new SGR discovered in a
decade, SGR0501+4516 . Furthermore, we could compare
its outburst properties with its quiescent emission as seen
by ROSAT. We found the following.
• Phase-connected timing analysis of the entire X-ray
outburst of SGR0501+4516 , strongly argue that this source
is a magnetar candidate with a magnetic field of B ∼
2×1014 Gauss. Furthermore, we identified a negative second
period derivative of P¨ = -1.6(4)×10−19 s s−2 which implies
that the spin-down rate is decreasing with time, possibly in
its way to recovering to its secular pre-outburst spin-down.
• A variable hard X-ray component was detected at the
beginning of the outburst (see Fig. 8), and became unde-
tectable by INTEGRAL some time within 10 days after the
on-set of the bursting activity. This represent the first de-
tection of a variable hard X-ray component in a magnetar
over such a short timescale.
• The phase-connection of all the observations allowed us
to study the evolution in time of the phase-resolved spectra.
We found that on top of a phase-averaged spectral softening
during the outburst decay, with the BB component decaying
on a slower timescale than the PL component (see Fig. 6),
the spectral evolution also changes from phase to phase. The
main peak of the pulse profile is dominated by the thermal
component, while many other sub-peaks are present in the
profiles, which are dominated instead by the non-thermal
component (see Fig. 10).
• No transient optical/ultraviolet source was detected by
the Optical Monitor on board of XMM–Newton (see §2.1.2).
Note that the optical counterpart to this source (Tanvir et
al. 2008; Fatkhullin et al. 2008) is too faint to be observable
by the OM, but we could constrain that no counterpart to
the X-ray bursts have been observed with mUVW1 > 22.05.
• From a comparison with other outbursts recently de-
tected from SGRs and AXPs (see Fig. 11), we show that
contrary to other sources, in the first 160 days of its out-
burst, SGR0501+4516 shows a clear exponential decay on
a rather slow timescale of about 24 days (see Fig. 3).
• The discovery of SGR0501+4516 , and its AXP-like
characteristics, represents another piece of evidence in the
unification of the magnetar candidate class, weakening fur-
ther the differences between AXPs, TAXPs, and SGRs.
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